β-Carotene content in apple fruits of different cultivars was determined by HPLC to provide some basic information for evaluating fruit quality and for controlling β-carotene of apples with orchard practices and biotechnology. Results showed that β-carotene content in apples was different with various cultivars and strains, orchard practices (bagging or not) and different parts (peel or flesh). β-Carotene content in Fuji Yanfu 3 was higher than Royal Gala and Tuscan. As to the same cultivar, Fuji, β-carotene content in Fuji Beni Shogun, an earlier maturation strain, was higher than Fuji Yanfu 3, a striped red color strain, and higher than Fuji Yanfu 6, a blush red color strain. β-Carotene content of apple peel was usually higher than that of the flesh. β-Carotene content of the peel and flesh in Fuji Yanfu 3 apples was reduced by 30.43% and 4.38% respectively by paper bagging. It suggested that it is possible to produce higher β-carotene content apples with selected cultivars or strains and proper practices.
Introduction
β-Carotene is one of the antioxidants found widely in animals, plants and microorganisms, and has been recognized primarily for a biological function as a precursor for vitamin A. Numerous studies have demonstrated that β-carotene is an effective component with medicinal value relating to human health and has powerful functions such as anti-oxidation (Sergio et al., 1999) , anti-irradiation (Umegaki et al., 1997; Wang et al., 2009) , anti-tumor (Prakash et al., 2002; Prasad et al., 2006) and enhancement immunity (Chew et al., 2002) . As food additives and dietary supplements, β-carotene is ascribed to the first class of nutritive pigment by FAO/WHO JECFA.
Carotenoids embedded in the membranes of chloroplasts and chromoplasts constitute one of plant fat-soluble pigments and have high economic value for their colors with yellow, orange-red and red. Carotenoids have an ability to absorb and transfer electron as supplementary pigments in photosynthesis and play an important role in scavenging activity for chlorophyll triplet and superoxide radicals (Bartley et al., 1995; Tracewell et al., 2001 ).
β-Carotene is one of intermediate products in carotenoid biosynthesis. In recent years, certain progress has been made in manipulating genes involved in β-carotene biosynthesis by gene engineering techniques (Lamers et al., 2008; Rosati et al., 2000; Davison et al., 2002) , such as increasing β-carotene content of fruits or converting β-carotene to zeaxanthin or other compounds of carotenoids in plants. However, the biochemical and molecular research on β-carotene biosynthesis of apples was very limited.
Apples with high nutrition value are recognized as "all-directional healthy fruits". In the present paper β-carotene content in apple fruits of some different cultivars and strains was determined by reversed-phase high performance liquid chromatography (HPLC) in order to provide some basic information for apple nutritional assessment and public nutrition selection and for controlling β-carotene content of apple fruits by improving the environmental conditions such as light and transferring β-carotene to other compounds of carotenoids by genetic engineering.
Materials and Methods

Plant Materials
Five apple cultivars and strains including Tuscan (green skin and white flesh), Royal Gala, Fuji Yanfu 3 (Fuji strain with striped red skin), Fuji Yanfu 6 (Fuji strain with blush red skin) and Fuji Beni Shogun (early mature Fuji strain with bright red skin and yellow flesh) were used to compare β-carotene content among different apple genotypes. Fuji Yanfu 3 was also employed to study the influence of paper bagging on β-carotene content. The bagging fruits were bagged five weeks after full bloom by double layer paper bags with red inner layer and outer layer with gray outside and black inside. The peel and flesh of commercial harvest apples were sampled separately with liquid nitrogen treatment and then stored in refrigerator at -70℃ waiting for assays of β-carotene and carotenoids.
Chemicals
All chemicals used were of analytical or HPLC grade. Ultra-pure water generated by the Milli-Q system was used. β-Carotene was purchased from Sigma. Working standard solution of β-carotene was prepared daily by diluting a stock solution of standard.
Pigment Extraction
β-Carotene and carotenoids were extracted from apple peel and flesh by the modified method of Wang (Wang et al., 1997) . All extraction process was done in the dark or in subdued light. Apple peel and flesh samples from refrigerator at -70℃ were powered by freezing-grinder. Weighed sample powder (15 g) was extracted with acetone-petroleum ether (20:80) in an Erlenmeyer flasks with shaking at the constant temperature (25℃) with 120 r/min for 1 hour and then extracted by ultrasonic for 20 min. The suspensions were filtered on Buchner funnels following filter residue was washed by acetone until colorless and the combined filtrates were collected to separatory funnels with washing by 10% NaCl 3-4 times. The petroleum-ether phases were separated to volumetric flasks with placing for 30 min by adding 30 g Na 2 SO 4 in the dark and evaporated to dry with RE-5285A rotary evaporator, then fixed to the volume of 5 ml with chloroform.
HPLC Determination
Chromatographic Conditions
The extracts obtained as described above were filtered through a 0.45 μm membrane disc and were used to determine β-carotene by HPLC with an autosampler (injection volume, 20 μl) and Epslise XDB-C 18 column (4.6×150mm). The mobile phase was acetonitrile-methanol (80:20, v/v); the flow-rate was 2.0 ml/min; the column temperature was 40℃ and chromatograms were monitored at 450 nm. The column was regenerated by washing with methanol after analysis, and then equilibrated with the mobile phase. The system was characterized by rapid analysis, little interference and good repeatability. Chromatogram of standard was shown in Figure 2 and samples were shown in Figure 3 and Figure 4 .
Standard Curve
β-Carotene standard stock solution was diluted to a series of concentrations at 1, 3, 5, 8, 10, 15, 20 µg/ml and they were detected with a injection of 20 μl by HPLC. β-Carotene standard curve was illustrated in Figure 1 . There was a good linear relationship between the peak area and the concentration with the equation of linear regression being y=10.473x-3.7749 and the correlation coefficient being 0.9985.
Recoveries Analysis
Five replicates of each of three cultivar samples were used to detect recovery rate. It can be seen from Table 1 that the recoveries of three samples with different β-carotene content were in the range of 93.30%-97.13%.
Detection Limit of β-Carotene
The detection limit for β-carotene was 3.75×10 -8 g by measuring baseline and peak height of β-carotene standard solution with the concentration of 1 µg/ml.
Determination of Carotenoids Content with a Spectrophotometer
The carotenoid content was measured with UV-2550 UV-Vis spectrophotometer (Lichenthaler et al., 1983) . About 2 g of sample powder was weighed to Erlenmeyer flasks and there were 3 replicates in every sample. The petroleum-ether phases were evaporated to dry with rotary evaporator and fixed to 25 ml by 80% acetone. The concentrations of the extracted total carotenoids were calculated from the absorbance values at 663 nm, 645 nm, and 470 nm using equations described by Lichtenthaler:
where chlorophyll a C=12.21A 663nm -2.81A 645nm ; chlorophyll b C=20.13A 645nm -5.03A 663nm ;
carotenoids C=(1000A 470nm -3.27 Chl a C-104 Chl b C)/229; A = absorbance, C = pigment concentration (μg/ml of extract).
Statistical Analysis
The datas were statistically analyzed with SAS 8.0. Table 2 shows that there was a significant difference in the content of β-carotene and carotenoids of apple peel and flesh among various cultivars, Tuscan, Gala and Fuji, and among various strains of Fuji apples. Fuji Yanfu 3 with striped red skin and light yellow flesh color is the most important Fuji strain selected in Shandong Province, China and planted widely in China. Tuscan is a column apple cultivar with green skin and white flesh color. Gala is Royal Gala with blush red skin and yellow flesh. As to the tested cultivars, both contents of β-carotene (239.76 µg/100g) and carotenoids (457.73 µg/100g) in the skin of Fuji Yanfu 3 were higher than those of Gala (183.24 µg/100g and 284.28 µg/100g) and Tuscan (68.96 µg/100g and 270.53 µg/100g) and Gala higher than Tuscan in the contents of these pigments although carotenoids in the skin of Tuscan was very close to that of Gala. However, contents of β-carotene (112.32 µg/100g) and carotenoids (138.78 µg/100g) in the flesh of Fuji Yanfu 3 were slightly lower than those (113.14 µg/100g and 161.48 µg/100g) of Gala. The contents of β-carotene (23.17 µg/100g) and carotenoids (35.70 µg/100g) in the flesh of Tuscan were still lowest in the three cultivars.
Results
The Content of β-Carotene and Carotenoids in Apple Peel and Flesh of Different Cultivars and Strains
As to the three strains of Fuji cultivar, Fuji Beni Shogun, an early maturity strain with yellow flesh and bright red skin, contained highest β-carotene (390.41 µg/100g) and carotenoids (576.38 µg/100g) while Fuji Yanfu 6, a blush red skin strain, contained lowest β-carotene (90.66 µg/100g) and carotenoids (260.73 µg/100g) in the peel. The contents of β-carotene (326.75 µg/100g) and carotenoids (412.52 µg/100g) in the flesh of Fuji Beni Shogun were also highest among the three strains of Fuji. Both contents of β-carotene (76.80 µg/100g) and carotenoids (96.78 µg/100g) in the flesh of Fuji Yanfu 6 were lower than those of other two strains. Fuji Yanfu 3 was moderate in the content of these pigments among three strains.
Although both contents of β-carotene and carotenoids in the flesh of Fuji Yanfu 6 and Tuscan were very low, their content of carotenoids in the skin were not as low as those in the flesh (Table 2) .
Effects of Bagging on Contents of β-Carotene and Carotenoids in Apples
Fuji Yanfu 3, the most widely grown Fuji strain in China, was used to study the effects of bagging on the contents of β-carotene and carotenoids of apples. Table 3 shows that paper bag reduced greatly the content of β-carotene while it had less effect on carotenoids in the peel and on both β-carotene and carotenoids in the flesh of apples. The content of β-carotene in the peel of bagged fruits was decreased by 30.4% while carotenoids in the peel and both β-carotene and carotenoids in the flesh of bagged fruits were decreased only by 3.9%-5.8% in comparison with exposed fruits.
Discussions
Carotenoids comprise a large family of isoprenoids (Barkovich et al., 2001 ). β-Carotene is an important one of these pigments because of its position of precursor for vitamin A. The present results showed that there was a wide difference in the contents of β-carotene and carotenoids among apple cultivars, Tuscan, Gala and Fuji, and among various strains of Fuji. Within tested cultivars, the contents of β-carotene and carotenoids of Fuji Beni Shogun were highest and those of Tuscan were lowest, with the former being 5.66 and 2.13 times as the later in the peel, and 14.1 and 11.56 in the flesh, respectively. It was true in a similar difference even in the different strains of the same cultivar Fuji. This result implies that there is a big genetic potential for us to increase β-carotene content of commercial apples by selecting genotype. This is supported by other studies on carotenoids of fruits. Zhao et al. (2001) found that there was a significant difference in the content of carotenoids between Fuji and Red Delicious apples. After analyzing the carotenoid content of some traditional Portuguese fruits and vegetables, Dias et al. (2009) pointed that the carotenoid content of the analyzed items could vary with species, varieties, geographical place of production (region, site) and time of harvest. This cultivar specific in carotenoid concentration was also found in the changes of pigments during apple sunburn proceeding ( David et al., 2009) . It is reasonable that yellow flower or fruit contains more carotenoids than white one (Murakami et al., 2004) since carotenoids makes the plant tissues yellow color. Present paper brought the same results that the deeper the yellow color, the higher the content of β-carotene and carotenoids in apple fruits.
Present result showed that β-carotene and carotenoids content of the peel was significantly higher than that of the flesh whereas the ratio of β-carotene to carotenoids of the peel (0.25-0.68) was lower than that of the flesh (0.65-0.81). It is especially true for the green cultivar, Tuscan, of which the ratio of β-carotene to carotenoids in the peel and flesh was 0.25 and 0.65 respectively. It was suggest that the content of some carotenoids other than β-carotene of peel was higher than that of the flesh. This is consistent with the fact that among total carotenoids, xanthophylls, lutein, violaxanthin and neoxanthin, are key components of the light-harvesting complexes of green tissues.
To all fruits analyzed this study there was a significant difference in the content of β-carotene and carotenoids of fruits between the peel and flesh of apples. The contents of β-carotene and carotenoids of the peel were 2.13 and 3.30 times as that of the flesh, respectively, in Fuji Yanfu 3, and 1.19 and 1.39, respectively in Shogun Fuji apples, an early mature mutation as well as considered a yellow flesh mutation in present paper. However, the times were 2.98 and 7.58 respectively in Tuscan, a green skin cultivar. It is postulated that the synthesis of carotenoids in fruits are separately between skin and flesh.
Paper bagging is widely used in apple production in China to make red skin color bright and to reduce chemicals residue. However it is always doubtful that bagging cover reduces apple quality. The present results showed that β-carotene content was reduced by 30.43% (1% significance) in the peel but only by 4.38% (5% significance) in the flesh of Fuji apples by paper bagging as a common orchard practice. The total carotenoids content of the peel and flesh was reduced slightly by 5.81% (1% significance) and 3.93% respectively by paper bagging. It was reported from previous studies that carotenoid content of fruits with bagging was always significantly lower than that of exposed apples (Wei et al., 2006; Xia et al., 2009; Tao et al., 2003) . Lopez et al. (2003) found that β-carotene content of pimiento is higher in full sun compared with shaded treatments. Solovchenko et al. (2006) postulated that the difference in carotenoid content between sunlit and shading treatments was involved in ripening procedure in apples.
Carotenoids synthesized in organism are usually genetic control. However, the amount and types of carotenoids actually synthesized can be influenced by environmental factors including light intensity and quality, temperature and nutritional conditions. The exact mechanism on carotenoids pathway regulation by external factors still remains unknown although some compounds, such as β-carotene, lycopene, zeaxanthin, astaxanthin, of carotenoids pathway can be deliberately controlled by gene manipulation (Ralley et al., 2004; Sandmann, 2001) .
Present results indicate that β-carotene and carotenoid content of some apple cultivars such as Fuji Beni Shogun is enough to provide the substance basis for controlling β-carotene biosynthesis gene expression and transformation to synthesis more some target compounds. J Nutr, 130, 1910 -1913 . David, A. F., & Larry, E. S. (2009 .25 a A SSR analysis: "a" = Significant at 5% level; "A" = Significant at 1% level Table 3 . Effects of bagging on contents of β-carotene and total carotenoids in apple peel and flesh 
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